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ABSTRACT 

C i r c u i t  marg ins  have been  c a l c u l a t e d  f o r  t h e  communi- 
c a t i o n s  l i n k  between a CSM u s i n g  an  o m n i d i r e c t i o n a l  a n t e n n a  

210 f t .  diameter an tenna .  T h i s  l i n k  i s  a p o s s i b l e  con t ingency  
l i n k  i n  e v e n t  of f a i l u r e  of  the  CSM h igh-ga in  an tenna .  

allu r\na a statizl:: G? t h e  Deep Space Netwnrk equipped  w i t h  a. 

I n  g e n e r a l  for Block I1 CSMs, i f  the 5 d B  on-axis  
g a i n  of  t h e  omni an tenna  e l emen t s  can b e  u t i l i z e d  ( t h e  CSM's 
a t t i t u d e  must b e  ma in ta ined  t o  f. 30 d e g r e e s ) ,  h i g n  b i t  r a t e  
t e l e m e t r y  (51 .2  kbps)  can be  t r a n s m i t t e d  a l o n e  w i t h  a b i t  

e r r o r  r a t e  of about  F o r  Apollo 1 0 ,  however, t he  c i r c u i t  
marg ins  c a l c u l a t e d  u s i n g  t h e  measured c i r c u i t  l o s s e s  of CSM 
106 i n d i c a t e  t h a t  w i t h  t h e  5 dB a n t e n n a  g a i n  t h e  margins  
f o r  down v o i c e ,  t e l e m e t r y  (51.2 k b p s )  and r a n g i n g  are  a l l  
p o s i t i v e  o r  z e r o  even when a l l  t h r e e  s e r v i c e s  a r e  t r a n s m i t t e d  
s i m u l t a n e o u s l y  from o m n i d i r e c t i o n a l  a n t e n n a  e lement  A .  

. The c i r c u i t  margins  and t h e  estimated l e n g t h  of  
t h e  p e r i o d  t h a t  t h e  moon w i l l  be  v i s i b l e  to t h e  Golds tone  
s t a t i o n  (12-13 h o u r s )  d u r i n g  the  Apollo 1 0  m i s s i o n  i n d i c a t e  
t h a t  t h e  Golds tone  s t a t i o n  could s i g n i f i c a n t l y  improve t h e  
s u p p o r t  g i v e n  a l u n a r  o r b i t i n g  CSM d u r i n g  t h i s  m i s s i o n  
f o l l o w i n g  a f a i l u r e  of t h e  h igh  g a i n  a n t e n n a .  

(NASB-CR-106446) PERFORMANCE OF N79-72663 

COHHUNICATIORS L I N K  BETPEEN APOLLO CSM AND 
DSN 210 FT A N T E N N A  AT GOLDSTONE [Bellcomw, 
I n c , )  10 p 
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SUBJECT: Performance o f  Communications DATE: May 9 , 1969 
Link Between Apol lo  CSM and DSN 
210 F t .  Antenna a t  Goldstone 
Case 900 

FROM: N .  W.  Sch roede r  

MEMORANDUM FOR FILE 

A CSM t r a n s m i t t i n g  from a n  o m n i d i r e c t i o n a l  (CSM-Omni) 
a n t e n n a  t o  an  E a r t h  s t a t i o n  of  t h e  Deep Space Network ( D S N )  
equipped  w i t h  a 210  f t .  d i ame te r  a n t e n n a  i s  a p o s s i b l e  c o n t i n -  
gency communications l i n k  i f  the  High Gain Antenna on t h e  CSM 
s h o u l d  f a i l .  To de te rmine  t h e  per formance  t h a t  c o u l d  be  
e x p e c t e d  from t h i s  l i n k ,  c i r c u i t  margins  have been c a l c u l a t e d  
and es t imates  have been made r e g a r d i n g  t h e  l e n g t h  of  t i m e  t h a t  
t h e  CSM w i l l  be  v i s i b l e  t o  t h e  Golds tone  DSN ( 2 1 0  ft.1 w h i l e  
t h e  v e h i c l e  i s  i n  l u n a r  o r b i t .  I n  a d d i t i o n  t o  c a l c u l a t i o n s  
u s i n g  t h e  s p e c i f i e d  v a l u e s  of t h e  communications parameters, 
c a l c u l a t i o n s  were made u s i n g  t h e  measured v a l u e s  f o r  CSM 1 0 6  
( A p o l l o  10). 

The c i r c u i t  margin e q u a t i o n s  d e r i v e d  i n  r e f e r e n c e  1 
and the  s y s t e m  p a r a m e t e r s  l i s t e d  i n  Tab le  I11 were u s e d  i n  
t h e  c a l c u l a t i o n s .  The r e s u l t s  o f  t h e  margin c a l c u l a t i o n s  are 
c o n t a i n e d  i n  Tab les  I and 11. F i g u r e  1, a p l o t  o f  t h e  t e l e m e t r y  
(51 .2  kbps )  b i t  e r r o r  rate v s .  c i r c u i t  marg ins  i s  i n c l u d e d  f o r  
convenience  i n  i n t e r p r e t i n g  the  t e l e m e t r y  margins  p r e s e n t e d .  

Reference  ( 3 )  c o n t a i n s  p l o t s  o f  t h e  a n t e n n a  p a t t e r n s  
f o r  t h e  o m n i d i r e c t i o n a l  e l emen t s .  These p l o t s  i n d i c a t e  t h a t  
t h e  on-axis  ( g a i n  5 dB or g r e a t e r )  l o b e  for each  of  t he  a n t e n n a  
e l e m e n t s  can be  approximated by a s q u a r e  t h a t  i s  6 0  degrees on 
a s i d e  and c e n t e r e d  about  each a n t e n n a  e l emen t .  

R e s u l t s  p r e s e n t e d  i n  Tab le  I show the  performance 
t h a t  can be  e x p e c t e d  i n  g e n e r a l  from a b l o c k  I1 CSM; r e s u l t s  
p r e s e n t e d  i n  T a b l e  I1 i n d i c a t e  t h e  performance t ha t  i s  
e x p e c t e d  from CSM 106 (Apol lo  10). Measured c i r c u i t  l o s s e s  
for CSM 106 i n d i c a t e  that  t h e  b e s t  and w o r s t  per formance  i s  
e x p e c t e d  from CSM 1 0 6  omni an tenna  e l emen t s  A and C r e s p e c t i v e l y ;  
t h e r e f o r e ,  t h e  margins  con ta ined  i n  T a b l e  I1 r e p r e s e n t  t he  
bounds of t he  performance of t h i s  l i n k  for t h e  Apollo 1 0  
m i s  s i o n .  

The l e n g t h  of t h e  p e r i o d s  t ha t  t h e  moon i s  v i s i b l e  
t o  t h e  Golds tone  (210 f t . )  s t a t i o n  i s  a f u n c t i o n  of t h e  
d e c l i n a t i o n  of t he  moon. For  a n  Apol lo  1 0  l a u n c h  of May 18 ,  
1969 ,  t h e  d e c l i n a t i o n  o f  t h e  moon w h i l e  t h e  CSM i s  i n  l u n a r  
o r b i t  w i l l  r e s u l t  i n  expec ted  moon v i s i b i l i t y  p e r i o d s  of 



BELLCOMM,  INC. - 2 -  

about  1 2  t o  1 3  hours . ’  The o r b i t i n g  CSM w i l l .  be  v i s i b l e  
only  abou t  one ha l f  of th i s  t i m e ,  b u t  even t h i s  i s  c o n s i d e r e d  
adequate  f o r  t r a n s m i t t i n g  s i g n i f i c a n t  amounts o f  u s e f u l  data 
i f  t he  51.2 kbps te lemetry b i t  r a t e  i s  used .  The 85 f t .  
diameter a n t e n n a  MSFN s t a t i o n s  can hand le  t h e  low b i t  r a t e  
te lemetry ( 1 . 6  k b s )  from t h e  CSM u s i n g  i t s  omni a n t e n n a  
e l emen t s  b u t  n o t  t h e  51.2 kbps r a t e .  

Conclus ions  

1. If the  CSM’s a t t i t u d e  can b e  m a i n t a i n e d  to w i t h i n  
k 30 degrees ( s c c  ~ e f e r e n c e  ? ) ,  ar?d Apol lo  1 0  i s  launched  on 
May 18 ,  1969,  as s c h e d u l e d ,  it i s  e x p e c t e d  t h a t  t h e  CSM 
S-Band t r a n s m i s s i o n s  from an omni a n t e n n a  t o  the  Golds tone  
(210 f t . )  s t a t i o n  would p rov ide  u s a b l e  m i s s i o n  da t a  for modes 
w i t h  phase modula t ion .  

2. C i r c u i t  l o s s e s ,  a p p l i c a b l e  to Apolio 10, meas----- Ll1.t: d 
f o r  each  of t h e  f o u r  CSM omni a n t e n n a  e l emen t s  are n o t  
i d e n t i c a l ;  consequen t ly ,  there  i s  a r ange  o f  c i r c u i t  marg ins  
for t h i s  l i n k .  The b e s t  and worst  margins  are o b t a i n e d  u s i n g  
omni-A and omni-C, r e s p e c t i v e l y .  

3. Using t h e  s p e c i f i e d  maximum c i r c u i t  l o s s  of 6 . 2  d B  
for t h e  CSM (omni)  and an on-axis  a n t e n n a  g a i n  of + 5 dB,  
t h e  c i r c u i t  margins  f o r  the  l i n k  are p o s i t i v e  p r o v i d e d  t h a t  
each s e r v i c e  ( v o i c e ,  TLM 51.2 kbps,  and r a n g i n g )  i s  t r a n s m i t t e d  
s epa ra t e ly .  

4.  Using t h e  measured c i r c u i t  l o s s e s  a p p l i c a b l e  t o  
Apol lo  1 0 ,  c i r c u i t  margins  a r e  p o s i t i v e  f o r  down v o i c e  and 
r a n g i n g ;  b i t  e r r o r  ra tes  a r e  e x p e c t e d  to b e  l e s s  t h a n  

even  when v o i c e ,  t e l eme t ry  and r a n g i n g  are  t r a n s m i t t e d  s imul-  
t ane  ous l y  . 

and f o r  t r a n s m i s s i o n s  from omni-A and C ,  r e s p e c t i v e l y ,  

rkw 
eYd 

2034-NWS- 

A t  t achmen t s 
Tables 1-3 
F i g u r e  1 
R e f e r e n c e s  

N. W. Schroede r  

’ E s t i m a t e  o b t a i n e d  f r o m  c a l c u l a t i o n s  by M r .  D.  R .  Anselmo 
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NOTE: 
THIS CURVE IS BASED ON THE 
TEST RESULTS SHOWN IN 
FIGURE 4-6 O F  REFERENCE 2 

FIGURE 1 - 51.2 KBPS TLM CIRCUIT MARGIN IN DECIBELS 
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K .  H .  Schmid 
F .  N. Schmidt 
N .  W .  S c h r o e d e r  
L.  Schuchman 
R .  L .  S e l d e n  
P .  F.  Sennewald 
R .  V. S p e r r y  
J .  W .  Timko 
B.  P .  T u n s t a l l  
R .  L .  Wagner 
A .  G .  Weygand 
W .  D .  Wynn 

C e n t r a l  F i l e s  
Department 1 0  2 4 
L i b r a r y  


